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INTRODUCTION 

The u t i l i z a t i o n  of s o l i d  organic waste has rece ived  cons iderable  

a t t e n t i o n  as a r e s u l t  of pub l i c  concern over a d e t e r i o r a t i n g  environ- 

ment and an apparent  dep le t ion  of  our n a t u r a l  resources .  Up t o  70% 

or 280 m i l l i o n  tons of t h e  400 m i l l i o n  tons  of municipal and indus- 

t r i a l  waste c rea t ed  annual ly  can be c l a s s i f i e d  a s  organic  (1, 2). 

This f i g u r e  has  been predic ted  t o  a t  l e a s t  double by 1980 (3) .  How- ' 

ever, these  f igu res  a r e  small i n  comparison t o  the  314 b i l l i o n  tons of 

moisture  f r e e  organic  animal waste produced annual ly  ( 4 ) .  The problems 

and expense a s soc ia t ed  wi th  t h e  d i s p o s a l  of these  wastes  have led inves- 

t i g a t o r s  t o  s e e k  new and unique so lu t ions .  

Among the  o ldes t  and c u r r e n t l y  most used d i s p o s a l  methods a r e  l a n d -  

1 f i l l  and inc ine ra t ion .  Inherent  problems a s soc ia t ed  wi th  these  two 

methods have been descr ibed  (5, 6). Methods have been devised and work 

is cont inuing  on t h e  u t i l i z a t i o n  of t he  hea t  c r e a t e d  by inc ine ra t ion .  

Other more innovat ive  u t i l i z a t i o n  processes  have been proposed, some of 

which a r e  c u r r e n t l y  under inves t iga t ion .  The Bureau of Mines has been 

i n v e s t i g a t i n g  two d i f f e r e n t  conversion processes- - the  py ro lys i s  method 

and t h e  hydrogenation process  (7,8). The former method produces gas,  

o i l  and s o l i d s  while  t he  l a t t e r ,  which appears  t o  have a g r e a t e r  com- 
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mercial promise, produces essentially oil. 

are thought to have general applicability, they have largely employed 

bovine manure as a feed material. Two other processes, which are some- 

what limited in scope, are Firestone's destructive distillation process 

( 9 )  for converting shredded tires into various useful chemicals and Cities 

Service--Goodyear process (10) for the production of carbon black from old 

Although these two processes 

tires. In this communication the results of a bench-scale feasibility 

study on the conversion of solid organic waste into a high Btu fuel gas 

are presented. These results are discussed in reference to the process 

variables and the experimental equipment employed in the investigation. 

EXPERINENTAL 

Reactor Design.--The gasification of the organic waste was carried 

out in a one inch, batch charge, bench-scale reactor. The schematic is 

shown in Figure 1 which has been previously described in detail (11). 

The reactor has been designed so that temperature, pressure and steam 

input can be controlled over a considerable range. 

Feed Materials.--Several types of organic wastes were used as 

reactor feed materials. These include paper, tire rubber, Denver 

Municipal Sewage Sludge, animal waste and simulated garbage composed 02 

4.5% paper, 13.4% polyethylene, 39.5% organic waste, 24.7% tire rubber 

and 17.9% wood. The chemical analyses of these materials are given in 

Table I. 

Catalysts.--Three different commercially available nickel catalysts 

were employed. Physical and chemical properties of these catalysts are 

2 



I 

I 

I------ 

\ 

3 

0 Y 

m 

0 v) 

m 
< 

a 

\ 



m 
d 
4 
d 
I4 
Q 

2 
w 
Q 
Q 
F 
w 
0 

m 
Q m 
h 

r-l 
4 
E: 
9 

U 

Q 

P 
r-l 

F 

a 
Q 
Ll 
.J 
4 c 
V 

3 
d 

w 
m 
L1 
I4 
el s 
V 

3 
d 

hl 

d 

W 

m 
d 

03 

0 

03 

0 

n 
Y 
u 
3 
W 

0)  
Ll 
1 
U 

4 
m 

2 

I\ 

c) 

W 

hl 

d 

0 

I 

I 
I 

n 
Y 

3 

C 
Q 
M 
0 
Ll 
U 
4 z 

u 
W 

I 

I 
I 

VI 

W 
N 

I 

I 
I 

03 

W 
d 

C 
Q 
M 

8 

I 

I 
I 

rD 

0 

rl 

0 

d 

0 

n 

u 
# 

3 
W 

I4 
1 

W 
rl 
1 
v) 

g 
4 
u 
4 
m 

i 0 

0 

Q u 
d m 

i 0 

€! 
Ll 
w 
a 
Q u 
4 
4 
7 
0 
d 
4 
V 

4 

A 

J 

4 



l i s t e d  i n  Table 11. 

were employed a s  g a s i f i c a t i o n  c a t a l y s t s ,  

I n  a d d i t i o n  both potassium and sodium carbonates  

Analyses.--Except a s  noted below, t h e  ma jo r i ty  of t he  chemical 

analyses  were c a r r i e d  ou t  by s tandard l abora to ry  methods. 

analyses  were performed on a Leco s u l f u r  ana lyze r  and complimented 

by s tandard ASTM methods. 

c a l i b r a t e d  w e t  t e s t  meter. Product gas  compositions were determined 

with a Beckman Model GC-5 duel column--duel thermal conduc t iv i ty  detec-  

t o r  chromatograph equipped with a n  Auto Lab System I V  d i g i t a l  i n t e g r a t o r .  

C a l i b r a t i o n  values  were obtained by use  of a Linde primary s tandard gas 

mixture.  

Su l fu r  

Product gas  volumes w e r e  recorded with a 

Methodo1opy.--Experiments w e r e  carried out  by charging t h e  r e a c t o r  

s e c t i o n  with a n i c k e l  c a t a l y s t  and feed material. The feed m a t e r i a l  

was mixed with an a l k a l i  carbonate  c a t a l y s t .  Both s t r a t i f i c a t i o n  

( i n t e g r a t e d )  and sepa ra t ion  (segregated)  of t he  n i c k e l  c a t a l y s t  and feed 

m a t e r i a l  were employed. The r e a c t o r  was then a d j u s t e d  t o  the  des i r ed  

ope ra t ing  cond i t ions  and the product gas was sampled f o r  i t s  composition 

every h a l f  hour. The compositions r epor t ed  i n  Table 111 a r e  the 

average compositions.  ! 
RESULTS AND DISCUSSION '. 

I /  It i s  apparent  from t h e  complex composition of t he  feed m a t e r i a l s  
1 
I' 

I t h a t  

Although these  r e a c t i o n s  may n o t  be known from a mechanis t ic  po in t  of 

view, experimental  observat ions a l low one t o  formulate a func t ipna l  

d e s c r i p t i o n  of  t he  o v e r a l l  r e a c t i o n s  which i n c i d e n t a l l y  a r e  c o n s i s t e n t  

with those observed i n  t h e  product ion of s y n t h e t i c  n a t u r a l  gas from c o a l .  

t h e  r e s u l t i n g  g a s i f i c a t i o n  r e a c t i o n s  a r e  bo th  v a r i e d  and complex. 
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C + H O  = C O + H 2  
(g) 

H2 + CO = 1/2CH, + 1/2C02 
= 1/2CH4 + 1/2CO, C + H20 

(g) 

1/2C + 1/2H,O 
1/2C + 
3/2H2 + 1/2CO = 1/2Cb + 1/2H,O,_, 

= 1/2CO + 1/2€i2 
( 9) 

H,O(g) = H, + 1/2C4 

C + H20 = 1/2CO, + 1/2CH, 
(g) 

I- should be noted that the end result in each of these reac ion schemes 

is the same, 

Employing these chemical equations in conjunction with the carbon 

irregardless of the nature of the intermediate steps. 

content of the various organic wastes permits one to calculate a 

theoretical yield of gas product. 

Table 111 contains a surmnary of some selected experimental gasi- 

fication results for the various feed materials and catalysts employed. 

General observations obtained with the single stage experimental unit 

indicate that the initial reactions occurring during an experimental 

run are devolatilization and cracking, particularly in those instances 

where the volatile material content is high. This is followed by the 

carbon-steam reaction according to equation la which is initiated by 

the addition of steam. Alkali metal carbonates have been found to 

catalyze this reaction. Catalytic methanation of the intermediate 

reactants from the carbon-steam reaction with a nickel catalyst is 

then effected, apparently by reactions lb and 2c. 
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The purpose of the  a d d i t i o n  of a l k a l i  carbonate  t o  t h e  feed 

material i s  t o  c a t a l y t i c a l l y  promote the  carbon-steam reac t ion .  

e f f e c t s  r a t e s  t h a t  would otherwise be p r o h i b i t i v e l y  slow a t  these  lower 

temperatures (650 - 750°C) i n  t h e  absence of the  c a t a l y s t .  Potassium 

carbonate,  sodium carbonate  and sodium sesquicarbonate  have been 

employed with no apparent  chemical preference  under experimental  con- 

d i t i o n s .  

carbonate  i s  the  cheaper material. Although optimum a l k a l i  metal 

carbonate/carbon weight r a t i o s  have n o t  been w e l l  def ined ,  values 

between 12-25% have been found t o  g ive  s a t i s f a c t o r y  r e s u l t s .  These 

observat ions concerning the  a l k a l i  carbonate  c a t a l y s t s  are analogous 

t o  those found f o r  t h e  product ion of water gas from coal-steam r e a c t i o n s  

(12, 13).  

This 

However, from an economic poin'i of view t h e  sodium sesqui- 

The conversion of the  in te rmedia te  r e a c t a n t s  produced i n  the  carbon- 

steam r e a c t i o n  a r e  c a t a l y t i c a l l y  convertcd t o  methane, carbon d ioxide  

and water by a methanation c a t a l y s t .  

which have s i g n i f i c a n t l y  d i f f e r e n t  chemical compositions and phys ica l  

p rope r t i e s ,  no apparent  d i f f e r e n c e  i n  t h e i r  methanat ing a b i l i t y  under 

experimental condi t ions  were observed. However, t h e  c a t a l y s t ' s  a b i l i t y  

t o  produce s i g n i f i c a n t  q u a n t i t i e s  of methane from t h e  i n i t i a l l y  produced 

gaseous r e a c t a n t s  depends upon main ta in ing  t h e  n i c k e l  c a t a l y s t  i n  a 

h igh ly  reduced state and p ro tec t ed  from t h e  air. This i s  achieved by 

reducing i n  s i t u  and employing i n e r t  atmosphere techniques.  

t he  steam fed t o  the  r e a c t o r  must be j u d i c i a l l y  c o n t r o l l e d  i n  order  t o  

preserve  t h e  methanat ion c a t a l y s t ' s  a c t i v i t y ,  y e t  p rovide  enough steam 

t o  maintain a reasonable  carbon-steam r e a c t i o n  r a t e .  Excessive amounts 

Of t h e  t h r e e  c a t a l y s t s  employed, 

I n  a d d i t i o n ,  
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of steam w i l l  cause t h e  gas  composition t o  s h i f t  from low H,, high CO, 

and CH, t o  high H,, CO, and moderate amounts of CO. 

appa ren t ly  due t o  r e a c t i o n  2b a s  a r e s u l t  of t h e  inc rease  i n  the . 
p a r t i a l  p re s su re  of steam and poss ib l e  c a t a l y s t  oxidat ion.  This 

C O - s h i f t  is  accompanied by a d r a s t i c  redliction i n  the  volume heat ing 

va lue  of t h e  product gas.  

This s h i f t  is 

The o v e r a l l  g a s i f i c a t i o n  process  was found t o  be independent of 

p re s su re  under experimental  cond i t ions .  Thus, even though p res su res  

of  261 psia were employed the r e s u l t s  were e s s e n t i a l l y  the  same a s  

obtained a t  32 p s i a .  This obse rva t ion  is c o n s i s t e n t  with t h e o r e t i c a l  

p r e d i c t i o n s  based upon equa t ion  IC f o r  an i n t e g r a t e d  r e a c t o r .  

The temperature of t h e  g a s i f i c a t i o n  process  is a compromise between 

t h a t  necessary f o r  t h e  carbon-steam r e a c t i o n  and t h a t  f o r  optimum 

methanation. This compromise is necessary when working with a one-stage 

p rocess  as  opposed t o  a two-stage process;. I n  t h e  l a t t e r  i n s t ance  the 

temperature of each s t a g e  (carbon-steam and methanation r eac t ions )  can 

be a d j u s t e d  f o r  op t imiza t ion .  Depending upon concen t r a t ions  of t h e  

gaseous r e t c t a n t s ,  t h e  optimum temperature l i es  i n  the  590 - 675°C range 

f o r  a s ing le - s t age  p rocess  which is c o n s i s t e n t  with somn, thermodynamic 

c a l c u l a t i o n s  fo r  t h e  system (14). 'L 
I r r e s p e c t i v e  of t h e  o rgan ic  waste m a t e r i a l  employed, t he  g a s i f i c a -  

t i o n  r e s u l t s  were g e n e r a l l y  above 75% of t h e  t h e o r e t i c a l  methane value.  
I 

The q u a n t i t y  of gaseous 

when o t h e r  f a c t o r s  were 

111, rubber  t i res  which 

a 

product was p ropor t iona l  t o  t h e  carbon content  

he ld  cons t an t .  Hence, a s  demonstrated by Table 

c o n t a i n  about 85 w t  Yo carbon produced 23,000 SCF 

10 
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CH4/ton while  Denver met ropol i tan  sewage s ludge wi th  26 w t  % carbon 

y ie lded  only 6300 SCF CQ/ ton .  

s tandpoin t  t h a t  l i q u i d  hydrocarbons were a l s o  produced from its gas i -  

f i ca t ion .  This l i q u i d  hydrocarbon product ion is bel ieved  t o  be 

a t t r i b u t e d  t o  t h e  i r o n  conten t  (6  w t  %) i n  t h e  s ludge which is i n t r o -  

duced dur ing  municipal t reatment .  

as a Fisher-Tropsch c a t a l y s t .  

The sewage s ludge  was unusual from the 

I r o n  has  long been known t o  func t ion  

Table I V  conta ins  a t abu la t ion  of volume con t r ac t ion  of t h e  

organic  waste upon g a s i f i c a t i o n .  These va lues  a r e  based on apparent  

bulk d e n s i t i e s  f o r  each of t h e  feed materials. Also included wi th in  

the  t ab le  i s  a comparison between t h e  t h e o r e t i c a l  p o t e n t i a l  energy 

va lue  of t h e  feed ma te r i a l  t h a t  would be r e a l i z e d  through combustion 

and t h a t  ob ta ined  through its conversion t o  a s y n t h e t i c  n a t u r a l  gas .  

The p o t e n t i a l  energy value of t he  s y n t h e t i c  n a t u r a l  gas i s  observed 

t o  be cons iderably  less than t h a t  f o r  combustion. This is l a r g e l y  a . 

consequence of the  chemical r eac t ions  involved i n  the  two d i f f e r e n t  

processes .  Furthermore, i t  must be r e a l i z e d  t h a t  t he  e f f i c i e n c y  of  

t he  conversion o f  t h e  h e a t  energy, c r e a t e d  by i n c i n e r a t i o n ,  i n t o  a 

usable  and t r anspor t ab le  energy form w i l l  decrease  the  d i f f e rence  

between t h e  two. Fernandes and Cohan (15) have computed the  energy 

a v a i l a b l e  from the  inc ine ra t ion  of  mixed r e fuse  conta in ing  27% carbon 

and 4.5% hydrogen t o  be 3150 Btu/lb. 

CONCLUSIONS 

Exploratory experiments have shown t h a t  organic  waste ma te r i a l s  

can be converted t o  gaseous f u e l  products  composed e s s e n t i a l l y  of CH,, 

CO, and H, with a C0,-free hea t ing  va lue  i n  excess  of 900 Btu/SCF. 

Furthermore, t h e  o v e r a l l  conversion has  been shown t o  be pressure  

11 
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independent over the range of 32-261 ps ia  while the optimum temperature 

(650 - 750°C) f,or the described process i s  strongly dependent upon the 

composition of the primary gaseous reactants produced from the steam- 

carbon reaction which i s  catalyzed by the presence o f  a l k a l i  carbonates. 

13 
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